Mono and bimetallic Mn-Fe catalysts supported on different materials were prepared and their catalytic performance in the NH 3 -SCR of NO x was investigated. It was shown that Mn and Fe have a synergic effect that enhances the activity at low temperature. Nevertheless, the activity of the bimetallic catalysts depends very much on the support selected. The influence of the support on the catalyst activity has been studied using materials with different textural and acid-base properties. Microporous (BEA-zeolite), mesoporous (SBA15 and MCM41) and bulk (metallic oxides) materials with different acidity have been used as supports for the Mn-Fe catalysts. It has been shown that the activity depends on the acidity of the support and on the surface area. Acid sites are necessary for ammonia adsorption and high surface area produces a better dispersion of the active sites resulting in improved redox properties. The best results have been obtained with the catalysts supported on alumina and on beta zeolite. The first one is the most active at low temperatures but it presents some reversible deactivation in the presence of water. The Mn-Fe catalyst supported on beta zeolite is the most active at temperatures higher than 350 • C, without any deactivation in the presence of water and with a 100% selectivity towards nitrogen.
Introduction
Nitrogen oxides (NO and NO 2 ), are important atmospheric pollutants produced in combustion processes from stationary and mobile sources [1] . They cause severe environmental problems, such as acid rain and principally, photochemical smog, being harmful for ecosystems, humans and animal health [1, 2] . These problems, together with the continuous increase of NO x (nitrogen oxides) emissions and the more stringent regulations result in a necessary control of these emissions both in industry and in transport.
Several techniques have been developed [2] for the control of these pollutants, among them, the selective catalytic reduction of NO x (NO x -SCR) is probably the most effective one [3] . Different reductants have been used for the NO x reduction but only ammonia and hydrocarbons are selective enough to be used in a gas stream containing oxygen together with NO x [4] [5] [6] . In the automotive industry, hydrocarbons are initially preferred as reductors as they are present in the exhaust gas, but not many catalysts are active for the reaction and most of them have problems related to the hydrothermal stability of the materials [7] . Ammonia is the other alternative selected by the industry and a high efficiency [8, 9] can be obtained when ammonia or its precursor (urea) are used for the NO x -SCR. 2 
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The main reactions involved in the selective catalytic reduction of NO x with ammonia are [10] :
Fast-SCR :
The catalysts used for these reactions in stationary sources are V 2 O 5 -MoO 3 /TiO 2 and V 2 O 5 -WO 3 /TiO 2 [9, 11] . In spite of the high efficiency of these catalysts, their selectivity to N 2 decreases at high temperature and vanadium presents high toxicity preventing its use in cars. Furthermore, some catalysts based in noble metals such as platinum, silver, rhodium and palladium have been proposed [3, 12, 13] for this reaction. Nevertheless, due the high cost of these materials, the use of transition metals [14] supported on oxides, zeolites or other materials is preferred [15] [16] [17] [18] [19] . Cu-zeolites are active catalysts for this reaction but they have problems related with their hydrothermal stability and only small pore zeolites as chabazites are employed for commercial use [20] . For that reason, new alternatives should be explored. The use of other supports, can be an option to modify the performance and stability of the transition metal catalysts. Nevertheless, these supports will modify the dispersion of the active sites and the surface area, and for any specific catalyst, the adequate support must be selected.
Among transition metals, Mn-catalysts have shown excellent low-temperature performance [13, 21] due to its redox ability related with the Mn variable valance states [1] . As an example, Fehrmann et al. [22] have shown that monometallic Mn-zeolites are active at 350-500 • C. Furthermore, different bimetallic Mn catalysts have been described as being active and selective for the SCR of NO x [9, 21, [23] [24] [25] [26] , obtaining very good results at low temperature with Fe-Mn catalysts [15, [27] [28] [29] [30] [31] [32] [33] . Nevertheless, the activity of these catalysts depends on different factors as the metal content, the metal dispersion, the surface area [15, 29] and the formation of Fe-Mn mixed phases [34] . These characteristics are determined by the metal-support interaction and different results can be found in the literature for the same active phases, depending on the support used. Some papers claimed that best results are obtained with Mn/Fe catalysts supported on TiO 2 [15, 30] , whilst others showed the best results with catalysts supported on Al-SBA15 [33] or on mesoporous silica [32] . Nevertheless, the comparison is not easy as they have used different reaction conditions and different metal content. In this work, we have prepared Mn-Fe bimetallic catalysts with 4 wt. % of Mn and 2 wt. % of Fe supported on different materials and their catalytic performance for the NO x -SCR with NH 3 has been systematically investigated in order to establish the most adequate characteristics of a Mn-Fe catalyst support to be active in this reaction. In this way, we have used supports with different topologies (oxides, microporous and mesoporous materials) and with different acid-base properties. In addition, we have modified the acidity of some supports without changing their nature neither the topology, analysing the influence of these properties in the catalytic activity.
Results and Discussion
The different Mn-Fe catalysts used in this work are listed in Table 1 . The supports have been selected attending to their different textural and acid-base characteristics. Microporous (beta zeolite), mesoporous (SBA15 and MCM41) and bulk (alumina, zirconia, titania and magnesia) materials have been selected in order to study the influence of the topology of the material on the catalytic activity. The influence of the support acid-base properties on the catalyst activity has been studied using oxides and mesoporous materials with different acidity. The metal content of the mono and bimetallic Mn/Fe catalysts was measured by inductively coupled plasma-optical emission spectrometry (ICP-OES) and the results expressed as wt. % are shown in Table 1 . It is observed that for all the samples it is close to the theoretical value (2 wt. % of Fe and 4 wt. % of Mn).
In the same table, the surface area of the catalysts obtained by using the BET (Brunauer-Emmett-Teller) method at relative pressures (p/p 0 ) ranging from 0.05 to 0.25 is shown. As shown, important differences can be observed depending on the support used. The highest surface areas are obtained with the Al-modified mesoporous Mn-Fe catalysts (Mn-Fe/Al-MCM 41 and Mn-Fe/Al-SBA15) that have surface areas higher than 700 m 2 /g. The microporous and the pure silica mesoporous materials (Mn-Fe/SBA15, Mn-Fe/MCM41 and Mn-Fe/BEA) have surface areas close to 500 m 2 /g. Al 2 O 3 and MgO catalysts have areas higher than 100 m 2 /g and the lowest surface areas are obtained for the Mn-Fe catalysts supported on TiO 2 and mainly on ZrO 2 .
Initially the activity of the mono and bimetallic catalysts was tested using the TiO 2 (anatase) supported catalysts. As observed in Figure 1 , monometallic Fe catalyst only has activity at temperatures above 300 • C, obtaining the maximum conversion at 400-450 • C. On the contrary, the catalyst prepared with Mn is active from 200 • C and reaches the maximum conversion at 300-350 • C. With the bimetallic catalyst, we can observe a positive synergetic effect of both metals, as the results obtained at lower temperatures (100-250 • C) are much better than the results of the addition of the activity of both monometallic catalysts. As observed in Figure 1 , the bimetallic catalysts present the highest catalytic activity in the temperature range of 100-375 • C. These results agree with those described by Putluru et al. [15] , who showed that the addition of transition metals promotes the activity of Mn/TiO 2 catalysts at low temperatures, probably because they promote the NO oxidation to NO 2 [32] . As this molecule is more reactive than NO [35] , the temperature necessary for its reduction decreases and a higher activity at lower temperature is obtained with the bimetallic catalysts. The influence of the support on the activity of the Mn/Fe catalysts has been studied with two types of materials: metallic oxides and micro-/mesoporous materials. Figure 2 shows the catalytic activity of the Mn-Fe catalysts supported on different metallic oxides: TiO2, ZrO2, Al2O3 and MgO. The most significant result is the low activity of the catalyst supported on the most basic support, MgO, in spite of its relatively high surface area. Scaling acidities of metal oxides based on Sanderson electronegativity [36] MgO has a value of 1.266 typical of basic oxides, whilst acidic oxides, as TiO2, have a value of 3.046. Then it can be inferred that acidity is necessary to catalyse this reaction. On the other hand, for the metal oxides with Lewis acid properties (zirconia, alumina and titania) there is a significant relationship between activity at low temperatures and surface area, thus, obtaining the best results with the catalyst that has the highest surface area, i.e., Mn-Fe supported on alumina. These results indicate that not only acidity but also surface area is a key parameter to prepare active Mn-Fe catalysts for this reaction. The influence of the support on the activity of the Mn/Fe catalysts has been studied with two types of materials: metallic oxides and micro-/mesoporous materials. Figure 2 shows the catalytic activity of the Mn-Fe catalysts supported on different metallic oxides: TiO 2 , ZrO 2 , Al 2 O 3 and MgO. The most significant result is the low activity of the catalyst supported on the most basic support, MgO, in spite of its relatively high surface area. Scaling acidities of metal oxides based on Sanderson electronegativity [36] MgO has a value of 1.266 typical of basic oxides, whilst acidic oxides, as TiO 2 , have a value of 3.046. Then it can be inferred that acidity is necessary to catalyse this reaction. On the other hand, for the metal oxides with Lewis acid properties (zirconia, alumina and titania) there is a significant relationship between activity at low temperatures and surface area, thus, obtaining the best results with the catalyst that has the highest surface area, i.e., Mn-Fe supported on alumina. These results indicate that not only acidity but also surface area is a key parameter to prepare active Mn-Fe catalysts for this reaction.
The higher specific surface area has been related with an improved dispersion of Fe and Mn on the support resulting in better reduction properties [29] . This was evaluated by thermo-programmed redcution (TPR) experiments with the different materials. The results are shown in Figure 3 corroborating the previous hypothesis. As observed, different peaks related with the reduction of iron and manganese species appear in all the TPR profiles. The assignment of these peaks is not easy as the reduction of manganese oxides takes place in a sequential mode where MnO 2 is reduced to Mn 2 O 3 , then to Mn 3 O 4 and finally to MnO, overlapping the different peaks [37] [38] [39] . According to the literature [40] [41] [42] the peak at lowest temperature corresponds to the reduction of MnO 2 /Mn 2 O 3 to Mn 3 O 4 and the second peak corresponds to the successive reduction of Mn 3 O 4 to MnO. Nevertheless, the manganese oxides formed on the different supports are not pure phases but non-stoichiometric systems [15, 29, 30] as the overlapping of the different peaks could indicate. Furthermore, some of the reduction peaks of the manganese oxides are coincident with those of iron oxide and can be related with the formation of Mn-Fe mixed oxides [34] . In any case, the comparison of the different TPR profiles, shows that the metal species present in the catalyst with the highest surface area, i.e., that supported on alumina, are reduced at lower temperatures than in the other supports, suggesting better redox properties. This must also be related with the highest activity of this catalyst at low temperatures, indicating that better redox activity results in a better catalytic performance. Then, from the results obtained with the Mn-Fe catalysts supported on different oxides, it can be concluded that for an optimum catalytic activity the selected support must provide acidity, high surface area and redox properties. This contributes to a better dispersion of the metals on the surface of the catalyst and to the formation of more active sites.
oxides: TiO2, ZrO2, Al2O3 and MgO. The most significant result is the low activity of the catalyst supported on the most basic support, MgO, in spite of its relatively high surface area. Scaling acidities of metal oxides based on Sanderson electronegativity [36] MgO has a value of 1.266 typical of basic oxides, whilst acidic oxides, as TiO2, have a value of 3.046. Then it can be inferred that acidity is necessary to catalyse this reaction. On the other hand, for the metal oxides with Lewis acid properties (zirconia, alumina and titania) there is a significant relationship between activity at low temperatures and surface area, thus, obtaining the best results with the catalyst that has the highest surface area, i.e., Mn-Fe supported on alumina. These results indicate that not only acidity but also surface area is a key parameter to prepare active Mn-Fe catalysts for this reaction. supported on the most basic support, MgO, in spite of its relatively high surface area. Scaling acidities of metal oxides based on Sanderson electronegativity [36] MgO has a value of 1.266 typical of basic oxides, whilst acidic oxides, as TiO2, have a value of 3.046. Then it can be inferred that acidity is necessary to catalyse this reaction. On the other hand, for the metal oxides with Lewis acid properties (zirconia, alumina and titania) there is a significant relationship between activity at low temperatures and surface area, thus, obtaining the best results with the catalyst that has the highest surface area, i.e., Mn-Fe supported on alumina. These results indicate that not only acidity but also surface area is a key parameter to prepare active Mn-Fe catalysts for this reaction. supported on the most basic support, MgO, in spite of its relatively high surface area. Scaling acidities of metal oxides based on Sanderson electronegativity [36] MgO has a value of 1.266 typical of basic oxides, whilst acidic oxides, as TiO2, have a value of 3.046. Then it can be inferred that acidity is necessary to catalyse this reaction. On the other hand, for the metal oxides with Lewis acid properties (zirconia, alumina and titania) there is a significant relationship between activity at low temperatures and surface area, thus, obtaining the best results with the catalyst that has the highest surface area, i.e., Mn-Fe supported on alumina. These results indicate that not only acidity but also surface area is a key parameter to prepare active Mn-Fe catalysts for this reaction. The higher specific surface area has been related with an improved dispersion of Fe and Mn on the support resulting in better reduction properties [29] . This was evaluated by thermo-programmed redcution (TPR) experiments with the different materials. The results are shown in Figure 3 corroborating the previous hypothesis. As observed, different peaks related with the reduction of iron and manganese species appear in all the TPR profiles. The assignment of these peaks is not easy as the reduction of manganese oxides takes place in a sequential mode where MnO2 is reduced to Mn2O3, then to Mn3O4 and finally to MnO, overlapping the different peaks [37] [38] [39] . According to the literature [40] [41] [42] the peak at lowest temperature corresponds to the reduction of MnO2/Mn2O3 to Mn3O4 and the second peak corresponds to the successive reduction of Mn3O4 to MnO. Nevertheless, the manganese oxides formed on the different supports are not pure phases but non-stoichiometric systems [15, 29, 30] as the overlapping of the different peaks could indicate. Furthermore, some of the reduction peaks of the manganese oxides are coincident with those of iron oxide and can be related with the formation of Mn-Fe mixed oxides [34] . In any case, the comparison of the different TPR profiles, shows that the metal species present in the catalyst with the highest surface area, i.e., that supported on alumina, are reduced at lower temperatures than in the other supports, suggesting better redox properties. This must also be related with the highest activity of this catalyst at low temperatures, indicating that better redox activity results in a better catalytic performance. Then, from the results obtained with the Mn-Fe catalysts supported on different oxides, it can be concluded that for an optimum catalytic activity the selected support must provide acidity, high surface area and redox properties. This contributes to a better dispersion of the metals on the surface of the catalyst and to the formation of more active sites. The results obtained with the micro and mesoporous materials are shown in Figure 4 . As observed, the catalyst supported on the microporous material (beta zeolite) with a Si/Al ratio of 15 is more active than those supported on pure silica mesoporous materials (MCM41 and SBA15). These results indicate that the microporosity or the presence of aluminium in the BEA zeolite allows a better NH3-SCR performance. The results obtained with the micro and mesoporous materials are shown in Figure 4 . As observed, the catalyst supported on the microporous material (beta zeolite) with a Si/Al ratio of 15 is more active than those supported on pure silica mesoporous materials (MCM41 and SBA15). These results indicate that the microporosity or the presence of aluminium in the BEA zeolite allows a better NH 3 -SCR performance. The role of aluminium was analysed by using some mesoporous materials containing Al and comparing their activity for the NOx-SCR reaction with that of the pure silica materials. As observed in Figure 5 an important increase in the catalyst activity is achieved after incorporation of Al in both MCM-41 and SBA-15. Contrarily to what occurs with the pure silica mesoporous catalysts, in this case the same activity was obtained with both Mn-Fe catalysts containing aluminium. It is described [43] [44] [45] that the incorporation of aluminium to a silica mesoporous material produces an enhanced surface acidity, which for the Al-SBA15 results in a Brønsted/Lewis acid sites ratio close to 2-3, mainly medium and weak Brønsted acidity. The larger amount of acidic sites in these materials leads to an improved deNOx activity, probably related with the necessary primary adsorption of NH3 molecules on the catalyst surface. It is also observed that the Mn-Fe catalysts supported on Al containing mesoporous materials have a higher surface area than those supported on pure silica SBA-15 and MCM-41 and this could contribute to improve the activity of these catalysts. The role of aluminium was analysed by using some mesoporous materials containing Al and comparing their activity for the NOx-SCR reaction with that of the pure silica materials. As observed in Figure 5 an important increase in the catalyst activity is achieved after incorporation of Al in both MCM-41 and SBA-15. Contrarily to what occurs with the pure silica mesoporous catalysts, in this case the same activity was obtained with both Mn-Fe catalysts containing aluminium. It is described [43] [44] [45] that the incorporation of aluminium to a silica mesoporous material produces an enhanced surface acidity, which for the Al-SBA15 results in a Brønsted/Lewis acid sites ratio close to 2-3, mainly medium and weak Brønsted acidity. The larger amount of acidic sites in these materials leads to an improved deNOx activity, probably related with the necessary primary adsorption of NH3 molecules on the catalyst surface. It is also observed that the Mn-Fe catalysts supported on Al containing mesoporous materials have a higher surface area than those supported on pure silica SBA-15 and MCM-41 and this could contribute to improve the activity of these catalysts. The role of aluminium was analysed by using some mesoporous materials containing Al and comparing their activity for the NOx-SCR reaction with that of the pure silica materials. As observed in Figure 5 an important increase in the catalyst activity is achieved after incorporation of Al in both MCM-41 and SBA-15. Contrarily to what occurs with the pure silica mesoporous catalysts, in this case the same activity was obtained with both Mn-Fe catalysts containing aluminium. It is described [43] [44] [45] that the incorporation of aluminium to a silica mesoporous material produces an enhanced surface acidity, which for the Al-SBA15 results in a Brønsted/Lewis acid sites ratio close to 2-3, mainly medium and weak Brønsted acidity. The larger amount of acidic sites in these materials leads to an improved deNOx activity, probably related with the necessary primary adsorption of NH3 molecules on the catalyst surface. It is also observed that the Mn-Fe catalysts supported on Al containing mesoporous materials have a higher surface area than those supported on pure silica SBA-15 and MCM-41 and this could contribute to improve the activity of these catalysts. The role of aluminium was analysed by using some mesoporous materials containing Al and comparing their activity for the NO x -SCR reaction with that of the pure silica materials. As observed in Figure 5 an important increase in the catalyst activity is achieved after incorporation of Al in both MCM-41 and SBA-15. Contrarily to what occurs with the pure silica mesoporous catalysts, in this case the same activity was obtained with both Mn-Fe catalysts containing aluminium. It is described [43] [44] [45] that the incorporation of aluminium to a silica mesoporous material produces an enhanced surface acidity, which for the Al-SBA15 results in a Brønsted/Lewis acid sites ratio close to 2-3, mainly medium and weak Brønsted acidity. The larger amount of acidic sites in these materials leads to an improved deNO x activity, probably related with the necessary primary adsorption of NH 3 molecules on the catalyst surface. It is also observed that the Mn-Fe catalysts supported on Al containing mesoporous materials have a higher surface area than those supported on pure silica SBA-15 and MCM-41 and this could contribute to improve the activity of these catalysts.
However, despite the high surface area of these materials, the best results were obtained with the Mn-Fe beta zeolite, that has a 25%-45% lower surface area, microporosity and higher Brønsted/Lewis acid sites ratio (close to 3.8) with stronger Brønsted acidity. Microporosity could favour the dispersion of the active metal sites, even with a lower surface area. The acid properties of the zeolite allows the adsorption of ammonia and the redox properties of the well dispersed Mn-Fe active sites makes easy the NO oxidation to NO 2 that will be later reduced to N 2 by the adsorbed ammonia. Then the optimum combination of redox and acid properties with microporosity and relatively high surface area results in the highest catalytic activity obtained with the beta zeolite.
The influence of water on the catalytic activity was studied with the more active Mn-Fe catalysts, i.e., those supported on alumina and beta zeolite. The study of the catalyst activity in the presence of water is essential, as this molecule is always present in the combustion processes where the NO x used to be formed. Figure 6 shows the results obtained when 2.5% of water was added to the reaction. As observed, the addition of water to the reaction does not lead to a decrease in the catalytic activity of the Mn-Fe beta catalyst and only a decrease of activity was observed for the catalysts supported on alumina at low temperatures. On the contrary, such deactivation was suppressed at higher temperatures, even improving the conversion obtained in dry conditions, showing that the inhibiting effect of water is reversible. This indicates that both catalysts present a high stability and that water does not have an important impact on the activity of the catalysts.
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Experimental

Catalyst Preparation
Mn-Fe catalysts were prepared by incipient wetness impregnation using TiO2, ZrO2, MgO, BEA zeolite, γ-Al2O3, MCM-41 and SBA-15 as supports.
TiO2 as anatase (CristalACTiV™ DT-51) was purchased from Cristal. ZrO2 was prepared from hydrolysis of zirconium propoxide [46] , BEA zeolite (Si/Al = 18 with 2 wt. % of Al) was obtained from Zeolyst (CP814C) and γ-Al2O3 from abcr-GmbH. MCM-41 and SBA-15 were synthetized in our lab following reported methods [47] [48] [49] . The mesoporous materials have been prepared as pure silica materials (denoted as MCM-41 and SBA-15) [47] , but also with 2 wt. % of aluminium (Al-MCM-41 and Al-SBA-15) [48, 49] . Magnesium oxide was prepared in our laboratory from magnesium oxalate by mixing a saturated solution of Mg(CH3COO)2·4H2O with an aqueous solution of oxalic acid (H2C2O4·2H2O) while stirring at 40 °C. Magnesium oxalate was precipitated, filtered and dried at 100 °C for 24 h. MgO was obtained by calcining the magnesium oxalate at 450 °C in air during 2 h.
Mn-Fe catalysts were prepared by incipient wetness impregnation by adding the desired amount of an aqueous solution of Mn and Fe precursors (MnCl2 and FeCl3) to the precursor in order to obtain a 4 wt. % of Mn and 2 wt. % of Fe. After impregnation, the samples were dried at 100 °C during 24 h, and then calcined at 250 °C for 1 h and at 450 °C for 2 h.
Catalyst Characterization
The chemical analysis of the catalysts was carried out by ICP-OES in a Varian 715-ES equipment. H2-TPR profiles were obtained by a ThermoFinnigan TPDRO1110 analyser using a thermal conductivity detector (TCD). Before H2-TPR measurements, samples were pre-treated in a quartz Utube reactor under Ar (30 mL·min −1 ) at 200 °C and then cooled to 100ºC. The samples were then reduced from 100 to 800 °C under 5% H2/Ar atmosphere (30 mL·min −1 ).
BET surface areas were determined from the N2 adsorption isotherms measured at 77 K using an ASAP-2420 equipment (Micromeritics). Previously to the N2 adsorption measurements, the samples were heated to 400 °C overnight.
Catalytic Activity
The activity of the Mn/Fe based catalysts for the SCR reaction was evaluated in a fixed-bed quartz reactor at atmospheric pressure. The reactor was loaded with 400 mg of sieved catalyst (0.4- 
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Catalyst Characterization
The chemical analysis of the catalysts was carried out by ICP-OES in a Varian 715-ES equipment. H 2 -TPR profiles were obtained by a ThermoFinnigan TPDRO1110 analyser using a thermal conductivity detector (TCD). Before H 2 -TPR measurements, samples were pre-treated in a quartz U-tube reactor under Ar (30 mL·min −1 ) at 200 • C and then cooled to 100ºC. The samples were then reduced from 100 to 800 • C under 5% H 2 /Ar atmosphere (30 mL·min −1 ).
BET surface areas were determined from the N 2 adsorption isotherms measured at 77 K using an ASAP-2420 equipment (Micromeritics). Previously to the N 2 adsorption measurements, the samples were heated to 400 • C overnight.
Catalytic Activity
The activity of the Mn/Fe based catalysts for the SCR reaction was evaluated in a fixed-bed quartz reactor at atmospheric pressure. The reactor was loaded with 400 mg of sieved catalyst (0.4-0.6 mm) using a flow rate of 600 mL·min −1 which lead to a gas hour space velocity (GHSV) = 90,000 mL·g −1 ·h −1 . The inlet concentrations were 500 ppm of NO, 500 ppm of NH 3 , 4% O 2 and N 2 as balance gas. During the experiments, the temperature was decreased in steps of 50 • C from 550 • C to 100 • C. Before the experiments, samples were kept in an inert atmosphere (nitrogen) during 1 h at 550 • C.
The NO and NO x concentrations were continuously registered by a Thermo Electron Corporation Model 42 C chemiluminescence gas analyser. The NH 3 concentration was monitored in a UV spectroscopy gas analyser from Tethys Instrument, Model EXM400. The N 2 O concentration was measured with an infrared spectroscopy analyser from Servomex, Model 4900. The NO x conversion and the selectivity was calculated by Equations (4)- (6) :
N 2 selectivity (%) = 100 − N 2 O selectivity (%), (6) where "in" specify the inlet concentration, and "out" the outlet concentration.
Conclusions
From this work, it can be concluded that Mn-Fe catalysts are active for low temperature NO x -SCR with ammonia in the presence of oxygen. Iron and manganese have a synergic effect that improves the catalyst activity at low temperatures. Nevertheless, we have shown that the support has a decisive influence on the activity of the Mn-Fe catalysts for this reaction. The best activity was obtained with catalysts supported on materials with acid sites and high surface area. This results in a better dispersion and in improved redox properties of the metallic active sites. Then, the best results were obtained with the catalysts supported on alumina and on beta zeolite that present these characteristics, whilst the lowest activity was obtained with basic supports or with pure silica mesoporous materials. It is shown that the most active catalysts do not suffer an important deactivation in the presence of water and have a high selectivity towards nitrogen.
